During the latter part of the 19th century and in the early 20th pentury much study has been devoted to the behavior of the serum proteins. As a result, it has been found possible to 
that he noted that the quantity of protein remaining in solution with a concentration of 210 gm. of Na2SO4 per liter was not diminished when the concentration was raised to 220 gm. per liter. Therefore, he concluded that his curves had at one point flattened out, and that at this point there was a so-called "critical zone" (Fig. 1, I ). But these critical zones have been found only in the 6 calf sera, and, n f f i | . ,$q ,,, 1 PkMff L. PLA3S"A PMMIATE SOL| PIG. 1. Types of solubility curves by Howe (I) and by Butler and Montgomery (II). indeed, they are not always .convincingly evident. The acceptance of the idea that these zones exist-the quintessence of the methodis surprising, for although H~owe's me-thod has been almost uniformly used in the examination of human sera there has never -been conclusive proo'f that critical zones exist. Wu The critical zone reported by Howe and the sharp angle found by Butler and Montgomery must therefore lie at different points on the solubility curve. In any event, the apparent uncertainty concerning the shape of the solubility curve of serum proteins in concentrated salt solutions and the question as to what salt concentration will most completely effect a separation of albumin and globulins indicate that further study is to be desired.
Methods
The sera examined were those of a number of healthy young people and those of a few patients. In order to eliminate individual differences in sera as far as possible, solubility curves were also de.termined upon the pooled sera of normal individuals.
Various quantities of distilled water were added to 1 cc. of serum, after which a concentrated solution* of Na2SO4 was added up to a total volume of 30 cc. In this way Na2SO4 concentrations were obtained that varied from about 170 to 290 gm. per liter, and these were used throughout the greater part of the experiments (Figs. 2 and 3 ). In the last experiments (Figs. 4 and 5) the concentrations of Na2SO4 ranged from 100 to 400 gm. per liter. After standing in the incubator (310 to 370 C.) for about 12 hours the liquid above the precipitated globulin was almost clear and this was filtered -without shaking. During filtration the funnels were tightly covered with watchglasses. The results were not modified if shaking up the globulin precipitate were omitted, and a great advantage is gained in that the time of filtration * This solution had been prepared with chemically pure Na2SO4. It was freed of CO2 by means of boiling, and was kept at pH 7. The concentration was determined gravimetrically and was controlled by determination of the Na+ content. The stock solution was kept in the incubator in a Pyrex glass container.
is considerably shortened and evaporation in the incubator is diminished.*-The 30 cc. dilutions of sera were prepared in duplicate, and filtration was done in duplicate. For each filtrate two nitrogen determinations were made, and the average of these values served for the calculation of the protein content of the filtrate. In the graphs will be found two protein values given for each concentration of Na2SO4, each of the values having been obtained from the average of two nitrogen determinations of separate filtrates.
The nitrogen content of the filtrates, as expressed in graphs 4 and 5, was ascertained by use of the unmodified iodometric method of Teorell,25 but for the greater portion of the work a simplification of this method was adopted.20 Both methods permit accurate work. The 
Results
In Fig. 2 are charted the results obtained with three different sera. The first serum was from C., a 'healthy man, 25 years of age. The second was from A. M., a woman 52 years old, who suffered from mitral and aortic insufficiency, diabetes, and purulent otitis media. She had never had any considerable degree of fever and on the day the serum was obtained there was no marked cardiac difficulty. She had some albuminuria; this had been pronounced when she entered the hospital but had diminished to 1.5 gm. of protein per liter (Esbach). The albuminuria was due, in all probability, to an intercapillary glomerulosclerosis. The third subject was patient S., a male 50 years old, having a chronic nonspecific pneumonia with a right-sided empyema, bilateral pulmonary tuberculosis, and Laennec's cirrhosis. This patient died four days after the -blood was collected, and post-mortem examination confirmed the diagnosis. * In Fig. 2 , it will be noted, the curve has not been constructed through the points plotted. This was intentional, since the presentation of a curve always tends to interfere with an unprejudiced evaluation of the results.* Our graphs show, in the first place, the great difference between the normal serum of C. and the two pathological sera. If these sera had been treated according to Howe In the second place, the regular configuration of the curves shows that the salting out method applied to protein determinations, can, if carefully done, give reliable results with but a small range of error. These results can be duplicated by others making use of the same technique and observing the same precautions. Moreover, Fig. 2 clearly shows that a small inaccuracy in the Na2SO4 solutions causes but a very small change in the protein value found. The line drawn in Fig. 3 shows that this difference amounts to about 1.8 gm. of protein per liter when the salt concentration is increased or decreased by 10 gm. per liter.
In general, the three curves approximate a straight line and have about the same slope. But the critical zone of Howe at between 210 and 220 gm. of Na2SO4 per liter cannot be identified. As a matter of fact, the curves occasionally show horizontal portions, but they occur at various concentrations. Furthermore, curves derived from duplicate determinations made after an interval of a few days (published elsewhere) show these horizontal parts to have vanished or to have occurred in some other segment of the curve (Fig. 4 Sorensen22 has pointed out that this formula also applies to solutions of very pure serum albumin. In order to test my data by this formula the values of 11 solubility curves have been collected as in In order to bring all curves to the same level, adjustment was effected as follows:
The salt concentration value of 230 gm. per liter is located at about the center of the figure. The value of the protein content found at this concentration of Na2SO4 was increased or decreased by so many units that it reached 50 to 51 gm. per liter, and all other points of the same curve were corrected in the same way.
centrations from 220 to 250 gm. per liter above the line without exception, and at a concentration of 260 gm. per liter and higher more and more points are to be found below the line, even far below.
Powtg Howe, himself noticed the steeper fall in the solubility curves at higher concentrations of Na2SO4. He"3 drew attention, in 1923, to the fact that the largest quantity of albumin precipitates between 1.75 molar and 2.25 molar Na2SO4 (=248.5 and 319.5 gm. per liter), but he seems to have been so impressed by the critical zone he had disclosed that he paid but scant attention to the changed inclination of his lines.
Working with sheep serum, Wu28 constructed curves through points obtained in observations similar to ours, and noted that the slope of the curves became steeper at concentrations of Na2SO4 higher than 1.75 molar. Between 2.00 and 2.25 molar this inclination became very steep indeed. This change in direction was much less evident in his work with horse serum. Wu did not work with human serum. However, the value of his curve is limited since he studied only a few different salt concentrations. In the graphs of Geill7 also, the solubility curve is distinctly steeper, not at the classical 50 per cent, but at a 67 per cent saturation of (NH4)2SO4.
In order to permit a more complete understanding of the solubility properties of albumin rather large amounts of serum were obtained from 6 healthy young persons. These were examined at concentrations of from 106.6 to 386.6 gm. of Na2SO4 per liter (0.75 to 2.75 molar). With the higher concentration, according to Howe,13 the serum proteins should precipitate completely. With this material the solubility curve was determined twice with about a week's interval. In Fig. 4 the first curve is indicated by xx, with each x representing the protein content of an individual filtrate. Protein values were calculated from the average of two nitrogen determinations. The second curve in the figure is indicated by 4+.
Examining the two curves in their entirety, we see, in the first place, that practically all of the serum proteins are involved. At about 400 gm. of Na2SO4 per liter the protein has been precipitated practically completely, while at 106.6 gm. per liter the protein content of the filtrate agrees with the total protein content (74.1 gm. per liter). In the second place, it is clear that the points form two real curves and not straight lines. The second steep part of the curve begins at exactly the same point which, as was indicated in Fig. 3 In accord with the method of these American investigators, the logarithms of the values found were determined, and these indicate the quantity of protein remaining in solution in the individual concentrations of salt. In the graphs these values are expressed on the ordinate at the right-hand side of the figure. To avoid confusion this has been done only in the case of the second curve which is represented by * . -. Only in the zone which is pertinent, that is, the region of the large drop, are some logarithm values of the first curve noted and these are indicated by 000. Obviously the double S curve, as seen in the original curves, has become flatter in the logarithmic curves, but it can still be easily identified.
In Fig. 4 . The first experiment is indicated by the dotted lines, the second by the solid lines. Now, if our concept is correct and if the solubility curves are to be considered as double probability curves, its differentiation ought to approximate the double curve of Quetelet. From Fig. 4 we see that this is almost the case, the broken line shows two distinct peaks. The high peak on the right (point A) occurs at a salt concentration of about 305 gm. of Na2SO4 per liter. The lower peak occurs at 145 gm. per liter for the second curve and at 152 gm. per liter for the first one (point G). Hence it may be concluded upon the basis of solubility properties of serum proteins in concentrated solutions of Na2SO4 that the existence of at least two individual fractions is to be assumed. The first fraction, which ought to retain the name of euglobulin, has its precipitation maximum at 145 gm. of Na2SO4 per liter (=about 1 mole). Its precipitation begins at about 115 gm. per liter. As this portion of the differentiation curve seems to be rather symmetrical, it may be inferred that euglobulin is almost completely precipitated at 190 gm. per liter (point P1).
The Na2SO4 concentration at which the second peak occurs in the curve indicates that we are dealing with the classic serum albumin. Though the figure does not have sufficient accuracy to permit a final conclusion, it appears that this peak is not quite symmetrical. Such asymmetry could have been due to the precipitation of a third protein fraction along with the albumin at salt concentrations of from 250 to 305 gm. per liter. At all events one can assume that albumin precipitation does not begin at a concentration of less than 250 gm. per liter (point P2 on the figure).
If there existed in serum only the two protein fractions, albumin and euglobulin, the solubility curve should run horizontally between 190 and 250 gm. of Na2SO4 per liter. That this is not the case is clearly shown in Fig. 4 and can also be seen in Figs. 2 
and 3.
Between these concentrations protein is precipitated also. Again, this becomes clear from the broken lines at the bottom of Fig. 4 , and if at these concentrations no protein precipitation were taking place the lines ought to coincide with the zero line. Actually this is not the case. However, distinct and constantly occurring peaks are not to be seen. The peak between 240 and 253.3 gm. per liter of the first curve (dotted line) is not to be seen distinctly in the second curve.
The great variability at these concentrations has impressed us when dealing with other sera which have been examined twice (Majoor20). Such variability can be explained in the first instance by assuming that evaporation during the process of filtration in the incubator was not uniform on the two days when the serum was examined, and in the second place one must consider the possibility that the precipitation maximum of those proteins which precipitate between 190 and 250 gm. of Na2SO4 per liter may change slightly from one day to another. It is possible that a protein fraction which has a precipitation maximum of asbout 253 gm. per liter may, on one day, precipitate completely between 240 and 253.3 gm. per liter, whereas on another day its precipitation may spread over these and higher concentrations (Fig. 4) .
At any rate, we know that between 190 and 250 gm. of Na2SO4 per liter a third protein fraction is precipitated which, because of the absence of a distinct precipitation maximum in the curves, we shall continue to call pseudoglobulin. This We have already concluded that the flat part of the curves which Howe believed he had found between 210 and 220 gm. of Na2SO4 per liter has no reality and that certainly it does not indicate the point at which albumin precipitation begins. From the data presented above it becomes even more clear that the flat part Howe thought he had found at 140 gm. pier liter does not exist at all (at least not in the case of human serum). At exactly this concen-tration of Na2SO4 we find the maximum precipitation of euglobulin and if one should like to approximate' by means of a single precipitation the euglobulin as exactly as possible one should choose a concentration of Na2SO4 of about 190 gm. per liter. In the case of our first curve the euglobulin content would then have been 20.2 gm. per liter, in our second curve the value would have been 21.5 gm. per liter. These values agree rather well with those calculated from the area of the euglobulin peak in Fig. 4 . One may also note that when the euglobulin and pseudoglobulin I fractions, according to Howe, are counted together the true euglobulin content is also approximated.
In 1940 Balint and Balintl stated that Howe's pseudoglobulin I was identical to his euglobulin in a conclusion based upon determinations of tyrosin, tryptophane, cystine, arginine, and histidine in serum protein fractions. Howe's two fractions are thus to be regarded as a single protein.
The albumin content as calculated from the area of the albumin peak proves to be about 10 gm. per liter lower than is the value as determined according to Howe. Evidently this is true because at 215 gm. of Na2SO4 per liter there still remains a fairly large amount of pseudoglobulin in solution. If, however, the albumin content had been determined by a single salting out by means of a concentration of Na2SO4 at which albumin is about to precipitate, for example, about 260 gm. per liter (= 1.8 molar), the results would then have been 41.9 and 42.7 gm. of albumin per liter of serum and these values agree much better with those calculated from the area of the peak.
It was obviously of importance to subject this interpretation of the protein solubility curve by determination of the protein values in a clinical case with a highly pathological serum. Consequently determinations were made on the blood of the following patient:
L. O., male, 19 years of age. The patient had complained of weakness and emaciation for some months. There was no pruritus. The general examination was negative. Roentgen examination of the chest revealed a marked broadening of the hilar region bilaterally. Urine examination was negative. Von Pirquet and Mantoux tests (0.1 and I mg. of tuberculin) were negative. The blood counts showed no abnormalities. The blood sedimentation test (Westergren) was 1 10 mm. after 1 hour. In the formol-gel reaction there was positive flocculation after 1 hour. The ManckeSommer reaction showed positive flocculation in 8 tubes (see de Vries27). Culture after gastric lavage showed no tubercle bacilli. A probable diagnosis of lymphogranulomatosis benigna (BesnierBoeck's disease) was made.
The result of the examination of the serum proteins from this patient is presented in Fig. 5 . The curve was differentiated in the same way as was the one offered in Fig. 4 The difference in the results when the total protein content is calculated from the total area of individual peaks and when it is determined in the ordinary way, that is, from the difference between total N and residual N, is due to the fact that this particular serum did not show a precipitation of protein between 340 and 366 gm. of Na2SO4 per liter, whereas between 366 and 380 gm. per liter a rather significant quantity of protein was precipitated. For this reason there appears a separate peak at the extreme right of the figure.
In the calculations based on the area of the peaks this small fraction is disregarded. In the other calculations it is added to the albumin and the total protein values, which thus become a little too high. Upon the basis of this single observation it is not possible to conclude that substances of this type are frequently to be found in pathological sera. One would be inclined to suppose that precipitation of a polypeptide-like substance would occur in this region.
It is evident in this case also that the three fractions as calculated from the area of the peaks agree rather well with the results obtained from a single precipitation by solutions containing 190 and 260 gm. of Na2SO4 per liter.
Of more importance is the fact that the albumin peak in this highly pathological serum is situated at exactly the same place as was the case in Fig. 4 . The eugldbulin peak appears somewhat to the left, but the removal is so small that it is questionable if it is of any importance. Discussion Thus by means of differentiation curves of the serum proteins in concentrated Na2SO4 solutions, it is possible to show the existence of three individual protein fractions in serum, and the graphs permit us to determine approximately the concentrations of these fractions.
A comparison of the above results with those of the two modern methods of protein study leads to surprising conclusions. Quite aside from the resemblance of the two types of diagram, there is also the following argument which may be used to support the view stated above. In the electrophoretic diagrams y globulin shows the highest and the most symmetrical globulin peak. Recently Gutman8 has reported that he has proved this y globulin to be identical with the a globulin of Kendall.'4 The latter author succeeded in isolating from human serum globulin an immunologically distinguishable protein which normally is present to a concentration of from 4 to 10 gm. per liter. The rest of the globulin behaves immunologically as though it were a mixture and has been called x. In the ultracentrifuge y globulin behaves like a rather homogeneous su.bstance.
Thus, this protein can be characterized rather exactly in different ways. It is strange, as Gutman points out, that after precipitation by the method of Howe, it appeared in the euglobulin, then in the pseudoglobulin I fraction and that it sometimes partially precipitated with pseudoglobulin II. Since I have shown that euglobulin has its precipitation maximum at the concentration recommended by Howe for total precipitation and that total precipitation is not attained until about 190 gm. of Na2SO4 per liter is reached, it seems permissible to suggest that the euglobulin, as I use the term, the 'y globulin of Tiselius, and the a globulin of Kendall are identical.
Pseudoglobulin, the protein which precipitates at from about 190 to 255 gm. of Na2SO4 per liter, is probably identical with the a, P, and 2 globulins of Tiselius and with the immunologically non-homogeneous x globulin of Kendall.
We may recall the conclusions of de Vries.27 He pointed out that positive reactions with the Takata Ara or Mancke-Sommer technique depend, aside from the necessarily low albumin content, upon an increase of euglobulin, but sometimes they depend exclusively upon an increase in pseudoglobulin I. This conclusion may not be final since it is based only upon the separation of fractions according to the method of Howe, and the statement should read that the reaction of Takata Ara or Mancke-Sommer is positive when the actual euglobulin, that is, the y globulin of Tiselius and a globulin of Kendall is increased. This thesis is supported by the fact that it has already been shown that in cases of cirrhosis of the liver in which the Takata Ara reaction is generally positive there is an increase in both the y globulin of Tiselius and the a globulin of Kendall. My own observations on patient 0. (Fig. 5 ) afford an even stronger argument for this conclusion, for this serum which gave a very strongly positive Mancke-Sommer reaction had a greatly increased euglobulin with hardly any increase in pseudoglobulin.
It is of some importance to note that in this highly pathological serum there was no indication of a quantitative change in the serum proteins. However, the possibility of such a change in some diseases should be given consideration, as has been shown recently by Wuhrmann and Leuthardt.29 These workers report solubility curves from human sera in phosphate solutions, applying the method of Butler and Montgomery.3 Though the Swiss autho;rs do not differentiate their curves, the precipitation maximum for albumin is apparent. For one normal and two pathological sera the maximum is located at about 2.1 molar P04 ---. In the case of a patient with chronic nephrosis this is shifted considerably to the left. Since with the serum at the concentration of P04---the serum protein has been completely precipitated, the authors conclude that no albumin at all was present. A more logical conclusion, it seems to me, would be that albumin has been quantitatively changed. It has become less soluble in concentrated salt solutions and, consequently, the precipitation maximum has shifted to the left. I Our study makes it appear most likely that serum proteins can be the more completely isolated by a single precipitation when the salt concentrations used are correctly chosen than can be the case by use of fractional precipitation by means of half-saturated (NH4)2SO4 or Na2SO4 solutions. Solutions containing 190 gm. per liter and 260 gm. per liter of Na2SO4 serve best for this purpose. Cohn and his collaborators5' 6 arrived at the same results when serum proteins were treated with (NH4)2SO4 solutions of exactly known concentration and pH or with ethanol-water mixtures. When they chose a suitable concentration these workers succeeded in obtaining almost pure solutions of y, a, and d globulins and of albumin. The purity of the fractions obtained by precipitation was controlled by the Tiselius electrophoresis technique.
Attention should be given to one more point'by Luetscher"7 who states, upon the basis of the results of his electrophoretic studies, that the results obtained by use of the new method approximate those of Howe if one is dealing with almost normal sera. In pathological sera the decrease of the albumin content is often much greater than is to be expected from tests made according to Howe. This fact is also shown in our Figs. 4 (c) That there is no acute angle in the solubility curves of the serum proteins such as was accepted by Butler and Montgomery. (d) That by differentiating the solubility curves three distinctly distinguishable serum proteins can be recognized, namely (i) the albumin which largely precipitates at about 305 gm. of Na2SO4 per liter; (ii) the euglobulin which largely precipitates at about 145 gm. of Na2SO4 per liter; (iii) the pseudoglobulin which does not have a clearly defined salt concentration for precipitation, for this protein does not behave as a homogeneous substance. It may consist of some small fractions.
(e) That it is possible to separate the three serum proteins fairly completely by using concentrations of Na2SO4 equal to 190 and 260 gm. per liter.
2. Euglobulin, in the sense in which the word is here used, is most probably identical with the electrophoretically distinguishable y globulin of Tiselius and with the immunologically characterized ac globulin of Kendall. It is largely an augmentation in the amount of this protein which renders positive the reactions of Mancke-Sommer and Takata Ara. 3 . Serum which yields a strongly positive Mancke-Sommer reaction showed only marked quantitative changes in the pattern of the serum proteins. Qualitative changes could not be demonstrated.
